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SIIL.11 ii svstpm hiis hem modeled i I) the form of nn intranu(?lvdr

cascn(ir Lode l.omputc~i alon~ !it rirt lv l“lils%i(’~1 Iilws. Here [ho

nucleons movtl in a poten Liiil well (w i-h I] inding el)erglcs which

correspond LO various shells) A:N1 sllffer collisions governed hv a

distance of approach compared to a t.otiil crriss s~crlon. These

nucl.eon collisions are “Piiuli hlwl-d” as WPI1, of c~llrse, orherwi~e
the nurlells would give up its ,,rli*rgy to a t“rw escaping nuclerms wiLtl
~~le rest hpil]g t iglltly bound tII the s-sratt~. With this motion

occurillg wt. st’nd a piull into thr svstem ;ind ask what happens has~d
On our kriowle(lgt~ of classi~.al (on-sllrl 1 ) cross sr(:rions. Various

typos of Interaction art= prrmitted ill different versions of the
crtmpuLer CGCiO. For the n product ion wu lIiive pion elastic
scarterLng, m-2R nnd n- lfi react inns. pion ahsnrptiol~ iind of courstt,

q prnciuctlon. It is iilSO necc’ssarv to lncltule q-nucleon reactions,
: !l.lt is in f;lrt Orli: (If Illc intoresrs ill the prohlom. WC Imte (“hat
:111’ I-elictic)ll q-nllclt’oll ● m-rlurleon cerrainl,v exists and WP know

! 111).s1’ (.ros. s ~ect i (Jn.q t“rom (lt~rni lr(i I)ill,llu.o . n~i9 luter cross
s(~t’tiol~ is cxntht~rmi(: so it hAs 110 ttlreshol(i And tends to illflnitv

f“or zero q-ntlrlenn momentum, In f“ilrt [h(~si. (.rnss sections ran hu

l-l’pl”PSL’IltOd il~~pr(}X ilnilIi’lV ilt tlll”t’stll)lli bv:

:111(1



-i-

t!?ev i~~rer.~cr will be OF The samo nrder. For rhis :eason the pions

produced in [t~is man[~er will h~ warlv isotropic and of high energy
tllavin~ the bulk nt the q m,iss as kinetic energy). Another feature

of rhese pions is chev wiil be produced in equal numbers (on an
isospin zero nucleus)” for all thrve ch,lrges. Thus if one looks for

~ions of opposite charge to rh~ incid~nc pion (i.e. , double charge
eychance) JIr b.~ck angles and high ~~nerqies these plons can be picked
ol.lt. This gi’:t”s ii (iirecr medsure of’ the process n-q-m.

Xe now present calruldtions ok’ this process modeled with the

INC code mentioned ei~rlier. Figure 1 shows the speccrum of qs
rncasured bv Peng er J1. , aL IAYPF on 12C. The histogram shows the

result of the calcul.ition for no t?l.~stit” q scartrring. There are

I

25 50 75 1o@ 125 150

q ENERGY (MeV)

(Znmpnrlsou of the calcul~tq~ q spectrum (histogram) WI ttl

t tl~ dntdt of Peng ●t al . ““ “for incident plm mom~ntum Of
f}ll(’) MeV./r on I ~c, The rolculation has no elas~lc q

$i(’.lt tel Illp, .
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Secondlv the shape leaves something to be desired, There are
cwo few evenrs predicced in the Low energ:+ region, The qs produced

in that region hii~~ low ~nergv and hence are. subjecc co the inverse

reaction q-nucieon goes to n-nucleon.

‘epcn~~~~e~~s “’e”Mined

the ir,elastic cross seccion from the A
and finds E value of -20 mb. Figure 2 shows a

hi~togram of che r~acclon cross sections observed in che
calculation. As seen, the average value ‘s around 25 mh. so rhe A
dependence seen bv Peng will be well represented.

+ 2a
z
w
o
K
UJ
n 10

DISTRIBUTION OF REACTION CROSS SECTIONS
FROM w++leO

~. _.L--&__J
30 50

dqN+rN)(mb)

Flfiur~ :?, Histogram of the percentage of inverse teaction cross
sect ion.+ (qN+fN) obsbrved in tha calculation,
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25 50 75 100 125 150

q ENERGY (MeV)

FIfiure 3, Compq~L+qn of the calculated q spectrum with the
dil t tl “’”’J for an q-Nucleon elastic scattering cross
section of 20 mb, The parameters are the same as Fig, 1.

Figure 6 shows the pions obtained from tho x-q-m reaction
superposed on the R.wg-n background, AS can be sasn it ia quito
possible to sieparate th~se pions kinematlcally from the others,
“rhls gives us a direct ❑easura nf the reaction of qs with nucleons,

Another method of obtalnin~ information about nstable particlr
Lti

lnt~rnctiona involves the use of polarized targets . If one ta es
!

J rort.itin class of nuclei (lOB is the classic example with itg 3
};rourld state) nnd selects the ❑ -states (the ideal case wo Ld be to

v
h:iw only the m - +2 occupied) and then produces with a m beam
(S,IV) an q going to the ground state of 10C then one find~ that rho
lt~ft. rlghr asymmetry tends to vantsh, First of all (under rather
I“PiIHmmhlF sih~ll model arproxlmations) it must vanish in the absenco
o!” Ilistorclon of the lncornlng and ouLgoing waves, In fact thes~
II;stort ions genernllv t~nd to cancel go that if one !lad the same
llw[,lvnt and l“tI;al mumanta ~ the same distortions then again
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Figure 4, Contributions to the double charge exchange speccrum at
134’ from the two mech.inisms involving either an
intermediate u“ or q,

there would be no asymmetry. The lde~ 1~ that one can wasure rhw
il~reraction of rhe plon directly (beams are available) mnd then
compare the distortion of the pion and q by che polarization
m~n~uremenc and hence infer the Inreractlon of che q for which beama
lr~ ~ nvallable,

Figure 5 SIIOWS the cnLcuLntion of the polarization ●xpmred fr)r
1:.: her sm,qll vnluc of rhe elastic cross s~ction with 110 Inverse q.

w “ ,’,tct.iull pr{osetlt . This 1s only a prelimlnarv ~tudy to establi~h
II.- principle iind further scudlos are needed to find what ,KCUI”ACY

am ‘I*I- ~!x~lvct~d with this method.
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Figure 5. Asymmetry in the reaction 10Btn+,~JIOC with the target in

the M - +2 substate, Tt!e p~oII energy is 46~ f4eV.

The S*/6 Problem

Jhere has been

and 6 me~on=l~~y~iderable

interest lately in the structure of

the S These two objects lie essentially at the

K-K threshold and there is a distinct possibility that they are the

[-0 and I-1 comb~nations of these two ❑esons in a molecular bound

state or in a low-lying resonance. If so, their structure is
completely different from a qq state and one would not expect to
find them in a quark model description. One l~ossible method for the

investigation of this possibility is to produce them in a nucleus,
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since their propagation through the nuclear medium should be very
dlfferent2according to the variouslqossibilitie$.

Lenz and Alexandrou and Saro consider S (6) production with
plr.m beams having momenta of $he order of 3 GeV/c. Reference 17
considers three models: the S is

a) part of the 11-~ L-1 nonet
‘Uinel

- 18-20 rob.)

b) a member of the lightest q2~2 nonet (u
inel

- 27.5 rob,)

c) a ti molecule (cl -41mb.).
inel

For the inclusive production cross section as a function of A
(Fig 6) these d}fferent cases are somewhat distinguishable;
certainly rhe qq from the others.

Also consit#ered was the exclusive production to a specific
nuclear state+S +proton. These cross sections as a function of A
(Fig. 7) also show a clear separation of the 2-body and 4-body cross
sections. These methods rely on the abillty to calculate an
inelastic cross section from the quark structure. This is a
reasonable assumption normally but could be wrong due to, e.g. , a
resonance in the S -N interaction.

Another experiment considered in Ref. 17, which addresses more
directly the possibility of determining the structure, is the energy
dependence in the reg~on of a wide K--N resonance around K- momentum

of 1 GeV/c (2 GeV/c S momentum). This resomnce would lead to a
minimum in th~ production cross section as shown in Figuri? 8 as a
function of S momentum. Note that on- has yet to fold in the Fermi
momentum of the production process. The effect i? d~sappointingly
small and could be masked by a variation in the qq S -N cross
section. One can not use a narrow resonance for this purpose (it
would be broadened “Dy the Fermi morion anyway) and the wide one does
I)ot show enough varlatlon (as seen already in the K--nucleus total
cross section shown in Figure 9),

These techniques for observing :he ❑olecular state rely on the
fact that the K has a stronger Interaction with the nucleon than
the average meson. Let ❑e now describe a technique that does not
necessarily rely on an absolute measurement or the use of a total

$
c 0ss section. It depends on the fact that the interactions of the
K and K- with nucleons is very diffe$ent. The ❑easurement of the
relative numbers of K-/K seen from S productio~ gives a direct
measure of the structure of the system, If the $ (or ~) leave9
intact from the nucleus then equal+numbers of K and K will be

observed from the decay S (6)4 KK-. In contras: to a tightlyJ
bound system such as a q~ however, a loosely bound “molecular” S or
6 Is ~~~ ~~~ flDucle~, In propagating through
the nucleus the K member of the pair has a high probability of
annihilation thr~ugh the reaction K-~~x”A. Because of the llght
binding of the K K “molecule” the K acts as a spectator during thv
K- annihilation and will continue to propagatekwith (essentially)
th~ same direction and speed as the original S .
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Figure 6, The A-dependence of the inclusive production cross
section for the three models considered by Ref. 17.
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Figure 7, Exciusive cross sections #s a function of A of a reaction

in which one detects an S and proton in coincLdmme
leading to a definite final state of the residual nucleus

(from Ref. 17).
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Figure 8. Inclusive S* production cross section as a function S*
momentum showing the effect of a K--Nucleon resonance on
the quasi-molecular ❑odel (from Ref. 17).
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A measurement of the K+ spectrum from this p~ocess would give a
direct measure of the motion of t~e parent S (or 6) molecule,
slightly broadened by the s~all K N elastic scattering. FLgure lC
shows a comparison of che K p total cross section (-elastic cross
section) and the K-p total cross section. Note that the K-+p +
x“+A process (most of the K.-p total cross section) is exothermic and
is essentially one-way, i.e. the A is not likely to produce a K-

again since A+n -D K +p+n requires a substantial amount of energy.
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;he ~roblem is to know, for any given K+ or K- that it came
from an S , I{ere is where the knowledge of the k~nematlcs at
threshold comes to our aid.

Incldcnt Fermi Kinetic Energies (MeV)
?lomencurn Momentum Initial NuclccJn Final Nucleon Final Meson

(McV/r) olt’v/c)

1000 392 H’J [b(i 48
lt’)40 353 hf) 5Q 61
1080 316 5‘3 7“1 75
1120 280 lb~ HY ‘J0

Llfio 246 3? I.(J5 106
] :)()(J 214 24 l;?? L22
1;!40 183 lfi 1/,() 139
12110 1s2 12 160 157
1320 ],TJ II lR(I 1/5
1360 q 5 5 ;)01 194
1:4(-NI 68 .) ;!2 ‘3 213
1./,40 Id2 i ~14‘j 233
lf’,gt-l 16 () 769 2>3
1s20 -9 t) 293 274
i 500” -33 1 318 294
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FIp,l.lrc 11, Comparison of the K+ and K- spectra for the case of the
quusi-molecular model.

A better experiment LS the detection of both rhc K+s a~d thr
K*Y (not in coinctclence), If ons soos that ths numb~r of K a in th~
S deciIY r~glon 1s much graatar than ths numbar of corresponding K-s
then the moleculsr hjpothosis 1s greatly favorod,

‘fboth are 2-2
~qually deplmred (rolativo to tha prediction of tha coda) the q q
picture 1s likely to b~ right, While this second maauuremant is

much bot.tar from ~he point+of view of i~formation content, [t is

more difficult sin$~ tha K s from tha S dacny ❑ust be dlstlngul~hod
f“rom the ganeral K background, To get ●n es$imata ?f this
l~ackground @roblmm+we consid r the em tion w +n * K +A (the

t f$
reactions w +n ● K +XO and w +p - K +E will giv~ smaller but
sjmllar co:llrihutlons), Flgura 12 shows how th- peak in tha K+
xpectrum slt.s on this background. Clearly it 1s discernablm hut

will rnqulrm a careful ~xparlment since one 19 meaaurlng low -IIFI-EY

kmmm fit zero d-grees, Tha ug~ of II m- beam eliminate the A
rPIIrtiOII (h~lt not ttw X) nnd mhnuld Iowar the background.
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Wn note fhat the present calculation is only indicative.
Bc!nrn prn~eeding much Eurt%r we ❑ust take into accounc the fact
rhnt. the S will decay, to soma uxt~nt, befora Leaving the nucle~l~

thus Inductng an nsymnmtry in tha K /K- yield. We also need to lmk
lnt.o the ques~ion of hackgroundm from Z production AS ❑entionnd
,It)nve ,

“1’h:s work wnM supported by the IJ. S. Department Of EII*K~y.
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